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INTRODUCTION 
The NASA-Lewis Research Center  conducted a r e sea rch  program a t  
B a t t e l l e  Memorial I n s t i t u t e  t o  f a b r i c a t e  c l a d  f u e l  p e l l e t  containment v e s s e l  
assemblies.  During t h i s  c o n t r a c t  (NAS 3 - 4 2 5 5 ) ,  two containment v e s s e l  
assemblies were f ab r i ca t ed .  These assemblies  contained tungsten-c l ad  
tungsten-U02 f u e l  p e l l e t s .  I n  a d d i t i o n  t o  s tudying t h e  thermal-cycle  
c h a r a c t e r i s t i c s  of t h e s e  p e l l e t s ,  another  o b j e c t i v e  of t h e  program was t o  
provide assemblies  f o r  i r r a d i a t i o n  t e s t i n g  a t  t he  NASA Plum Brook Reactor .  
The primary o b j e c t i v e  of t h e  sub jec t  program (NAS 3-7892-H) was 
t o  assemble two cs.psule housings conta in ing  t h e  c l a d  f u e l  p e l l e t  containment 
v e s s e l  assemblies f ab r i ca t ed  on NAS 3 - 4 2 5 5 .  I n  add i t i on  t o  these  assembly 
procedures ,  bonding parameters and in spec t ion  techniques f o r  cadmium-to- 
s t a i n l e s s  s t e e l  bonds were developec!. 
The f o l l o ~ i n g  r e p o r t  desc r ibes  t h e  work conducted under t h i s  
c o n t r a c t .  
Most s f  t h e  m a t e r i a l s  used on t h i s  program vere furnished by NASA. 
The f i r s t  con"ciinmeret vessel  assemblies  were. r e t a ined  a t  BallteLle a f t e r  
f a b r i c a t i o n  on NASA Contract  NAS 3-4255,  All components i nd i ca t ed  on NASA 
Blrat~ing CF 351047 were furn ished  by NASA except  f o r  P a r t  B vhieh wes r e v i s e d ,  
These p a r t s  were machined a t  B a t t e l l e  from Type 304 L s t a i n l e s s  s t e e l  Gar s tock ,  
Type 304 L s t a i n l e s s  s t e e l  was used f o r  o t h e r  components such a s  thermocouple 
ex tens ion  tubes.  
I n  t he  i n i t i a l  experiments,  Type 304 s t a i n l e s s  s t e e l  was bonded t o  
connnercially a v a i l a b l e  cadmium shee t .  However, i n  t h e  f i n a l  experimental work 
and t h e  capsule  housings,  t h i c k  cadmium p l a t e  was used r a t h e r  than shee t  m a t e r i a l .  
A t y p i c a l  ana lys i s  of t h i s  cadmium p l a t e  i s  given below: 
Element 
B < lo  
Cu 2 0 
N i 10 
Pb 10 
The braz ing  a l l o y  used f o r  j o in ing  of t he  s t a i n l e s s  s t e e l  components i n  t h e  
capsule  housing was Nicrobraz 50, This  m a t e r i a l  was purchased from t h e  Wall 
Colmonoy Corporation. 
EQUIPMENT 
Equipment used during t h i s  program c o n s i s t e d  of gas-pressure-bonding 
equipment capable of temperatures  up t o  1000 F and p re s su res  t o  4000 p s i .  This 
s p e c i a l  au toc lave  oras 10 ft long t o  accommodate t h e  capsule  housings prepared 
on t h i s  p r o g r m ,  Also u t i l i z e d  were machine shop f a e i l i % i e s ,  vacuum hea t -  
t reatment  furnaces,  induct ion  brazing furnaces,  nondes t ruc t ive  tes t  equipment, 
t h e  metalbographie l abo ra to ry ,  a n a l y t i c a l  l abo ra to ry ,  and spec i a l i zed  welding 
equipment, F a c i l i t i e s  not  located  a t  BatteEEe vrhich were used i n  specia l ized  
areas  included t ancas te r  E lec t ro  P la t ing  Company, Laneaster,  Ohio, f o r  the  
p l a t i n g  of the  cadmium onto the  I D  of the  t h i n  ou te r  tube and Automation 
Indus t r i e s ,  Inc.,  Columbus, Ohio, f o r  u l t r a son ic  inspect ion  of the  cadmiurn- 
t o - s t a i n l e s s  s t e e l  bonds. 
The experimental work i n  t h i s  study was divided i n t o  two d i s t i n c t  
areas.  The f i r s t  of these  involved the  determination of bonding parameters f o r  
cadmium-to-stainless-steel bonds and s u i t a b l e  inspect ion  techniques t o  evaluate  
the  q u a l i t y  of the  bonds obtained. The second area  of e f f o r t  involved the  
assembly of two capsule housings. 
Determination of Bonding Parameters 
To evaluate  the  bonding of cadmium t o  s t a i n l e s s  s t e e l ,  f l a t - p l a t e  
specimens were used i n  the  i n i t i a l  s tud ies .  The most des i rab le  approach was 
then evaluated with tubular  conf igura t ions  sirnulating the  f i n a l  assembly. 
Ul t rasonic  inspect ion  of the  bonded specimens showed exce l l en t  c o r r e l a t i o n  
with metallography of the same specimens. 
In the  f i r s t  experiment, f l a t - p l a t e  specimens were joined t o  evaluate  
bonding parameters and f o u r  d i f f e r en t  surface preparat ions.  The bonding o f  
stainless steel directly $0 @he 0,015-in--thick cadmiusla sheer was evaluated a s  
t re l l  as s t a i n l e s s  steel.  p l a t e?  w i t h  t i n ,  z inc ,  and cadmium, To tmprove the 
adherence of t h e  p l a t i n g s  t o  t h e  s ta . in less  s t e e l ,  a. n i c k e l  s t r i k e  was f i r s t  
appl ied.  The t o t a l  th ickness  of t h e  coa t ings  d id  no t  exceed 0.0005 i n .  Af te r  
edge welding, evacuat ing,  and s e a l i n g ,  t he  specimens were run  a t  500 F and 
2000 p s i  gas  pressure .  Evalua t ion  of t h e  specimens ind ica t ed  t h a t  t h e  bonding 
of t h e  s t a i n l e s s  s t e e l  d i r e c t l y  t o  t h e  cadmium d id  n o t  appear s a t i s f ackory .  The 
s t a i n l e s s  s t e e l  pa r t ed  e a s i l y  from t h e  cadmium shee t  a l though meta l lographic  
examination showed no gap between t h e  two m a t e r i a l s  a f t e r  bonding. Of t h e  t h r e e  
p l a t i n g s  eva lua ted ,  t h e  cadmium appeared t h e  bes t .  Metal lographic examination 
showed no sepa ra t ion  a t  t h e  i n t e r f a c e ,  and t h e  cadmium shee t  could be separa ted  
from t h e  s t a i n l e s s  s t e e l  w i th  some degree of d i f f i c u l t y .  'the zinc-coated 
specimen was very  s i m i l a r  t o  t h e  cadmium-plated specimen except  f o r  t he  f a c t  
t h a t  t h e  s epa ra t ion  of t he  cadmium from t h e  s t a i n l e s s  s t e e l  was more e a s i l y  
accomplished. I n  t he  t i n -coa ted  specimen, some mel t ing  occurred because t h e  
e u t e c t i c  temperature of t h e  Cd-Sn system (350 F) was exceeded. This  specimen 
a l s o  showed t h a t  t h e  cadmium, al though t i g h t l y  adherent t o  t h e  s t a i n l e s s  s t e e l ,  
could be separa ted .  
The sepa ra t ion  of t h e  s t a i n l e s s  s t e e l  from t h e  cadmium appeared t o  
occur a t  t h e  p l a t i n g - s t a i n l e s s  s t e e l  i n t e r f a c e ,  I n  o rde r  t o  improve t h e  adher- 
ence of t h e  t i n  coa t ing  t o  t h e  s t a i n l e s s  s t e e l ,  a  t i n  coa t ing  was appl ied i n  
t h e  molten cond i t i on  a f t e r  f l ux ing  of t h e  s t a i n l e s s  s t e e l .  These t i n -coa ted  
specimens were run a t  350 F and 2000 p s i  t o  eva lua t e  bonding t o  0.015-in.- 
t h i c k  cadmium shee t .  I n  add i t i on ,  z inc-p la ted  and cadmium-plated s t a i n l e s s  
s t e e l  were bonded t o  cadmium shee t  i n  f l a t - p l a t e  specimens a t  600 P and 2000 p s i  
gas  pressure .  Evaluat ion of t h e s e  specimens again sho7;~ed that the  bond of t h e  
cadmium-plated steinless  s tee l  t o  cadmium sheet was the most t i g h t l y  adherent ,  
A s  a r e s u l t  of t h e  f l a t - p l a t e  experiments descr ibed above, t he  most 
d e s i r a b l e  approach f o r  jo in ing  of cadmium t o  s t a i n l e s s  s t e e l  was se l ec t ed .  
This  involved t h e  p l a t i n g  of a t h i n  cadmium l aye r  (0.0005 in .  t h i c k )  over a 
n i c k e l  s t r i k e  on the  s t a i n l e s s  s t e e l .  The cadmium was then  bonded t o  t h e  t h i n  
cadmium p l a t e  a t  2000 p s i  and a temperature of about 600 F. I n  t h e  fol lowing 
s e r i e s  of experiments,  t h e  bonding of cadmium t o  s t a i n l e s s  s t e e l  was eva lua ted  
i n  a t ubu la r  con£ i g u r a t i o n  s imula t ing  t h e  f i n a l  capsule  housings. 
I n  t h e  f i r s t  t ubu la r  con f igu ra t ion  t o  be bonded, t h e  I D  of t h e  t h i n  
ou te r  s t a i n l e s s  s t e e l  tube and t h e  OD of t h e  heavy inne r  tube were p l a t e d  wi th  
0.0005 in .  of cadmium over a n i c k e l  s t r i k e .  Cadmium shee t ,  0.015 in .  t h i c k ,  
was p laced  i n  t h e  annulus between t h e  tubes .  D i f f i c u l t y  was encountered i n  t h e  
welding of t h e  ends because of incomplete removal of t he  cadmium p l a t i n g  i n  t h e  
weld zone. The specimen was t h e r e f o r e  s ea l ed  wi th in  a t h i n  copper envelope t o  
i n s u r e  l e a k  t i g h t n e s s  dur ing  bonding. This  specimen i as bonded a t  600 F and 
2000 p s i .  The con ta ine r  deformed s u f f i c i e n t l y  t o  i n d i c a t e  t h a t  good p re s su re  
t ransmiss ion  had been obtained.  The copper was removed, and t h e  tube was 
inspec ted  u l t r a s o n i c a l l y .  U l t r a son ic  inspec t i o n  showed a wide v a r i a t i o n  i n  
the  q u a l i t y  of bonding obta ined ,  Metal lographic examination showed shrinkage 
voids  i n  t h e  cadmium which ind ica t ed  t h a t  t h e  temperature of t h e  specimen was 
above t h e  mel t ing  po in t  of t h e  cadmium. Other specimens run previous ly  a t  t he  
same nominal temperature had n o t  sk0e.m melt ing.  This  temperature,  600 F, i s  
only about I0 F below t h e  mel t ing  poine of cadmium, and a s l i g h t  temperature 
excursion could  cause melting, 1%: :qas observed t h a t  upon s o l i d i f i e a t i o r ~  t h e  
skaarinka-ge voids were not  c lo sed ,  Th i s  indicated &ha& the outer  tube of s t a i n l e s s  
s t e e l  o f f e r s  a great  deal  of r e s i s t a n c e  to defamation and t h a t  t h e  c l ea rances  
i n  t h e  sssembly must be held t o  a minimum. 
Another t ubu la r  specimen was prepared and assembled, keeping t h e  
c l ea rance  t o  a minimum between t h e  cadmium shee t  and t h e  s t a i n l e s s  s t e e l .  
P a r t i c u l a r  c a r e  was taken i n  t h e  removal of cadmium from t h e  weld zones, and 
no problems i n  welding were encountered. This  specimen was run a t  530 F and 
2000 p s i  f o r  a per iod  of 1 h r .  Metal lographic examination showed t h a t  t h e  
0.015-in.-thick cadmium was i n  good c o n t a c t  wi th  t h e  cadmium p l a t i n g  on t h e  
innermost s t a i n l e s s  su r f  ace ( the  OD of t h e  t h i c k  inner  tube) .  A t  t h e  i n t e r f a c e  
between t h e  p l a t i n g  on t h e  I D  of t h e  th in-wal l  o u t e r  s t a i n i e s s  tube  and t h e  
0.015-in.-thick cadmium, a very s l i g h t  s epa ra t ion  ex i s t ed .  This  i s  be l i eved  
t o  be due t o  t h e  e l a s t i c  springback of t h e  o u t e r  tube  a f t e r  r e l e a s e  of p re s su re .  
It was a l s o  noted t h a t  t h e  movement of t he  o u t e r  tube was no t  s u f f i c i e n t  t o  
completely c l o s e  t h e  l o n g i t u d i n a l  j o i n t  i n  t h e  cadmium shee t .  This  would 
i n d i c a t e  t h a t  e i t h e r  t h e  gas p re s su re  73as n o t  h igh  enough t o  y i e l d  t h e  o u t e r  
tube  s u f f i c i e n t l y  o r  t h a t  t h e  y i e l d  s t r e n g t h  of t h e  tube was too  high. 
To minimize springback and t o  a i d  i n  t h e  deformation of t h e  o u t e r  
tube ,  two approaches were undertaken. An a d d i t i o n a l  t ubu la r  specimen was pre-  
pared f o r  bonding us ing  0.015-in.-thick cadmium shee t  between t h e  t h i n  o u t e r  
tube and the  inne r  tube.  P r i o r  t o  p l a t i n g  of t h e  t h i n  cadmium l a y e r  onto t h e  
s t a i n l e s s  s t e e l ,  t h e  ou te r  tube  was h e a t  t r e a t e d  a t  2100 F f o r  I. h r  t o  frr l ly  
anneal t h e  tube ,  Annealing of t h i s  ou te r  tube was done t o  minimize t h e  e l a s t i c  
springback that occurs  upon r e l e a s e  of pressure and t o  reduce t h e  y i e l d  s t r e n g t h  
s u f f i c i e n t l y  t o  insure d e f a m a t i o n  of t h e  o u t e r  tube ,  To a i d  i n  d e f o m i a g  t h e  
outer  tube,  t h e  use of higher pressures i n  t h e  pressure vessel used on t h i s  
program was eva lua ted .  This  specimen was bonded st 500-550 F and a gas p re s su re  
02 4000 p s i .  A high-pressure h e l i u m  b o t t l e  and s p e c i a l  S i t t i n g s  were obta ined  
t o  conver t  t h e  ho t  w a l l  au toc lave  used on t h i s  program t o  higher  p re s su re s .  
Metal lographic examination showed good bonding of t h e  0.015- in .  - 
t h i c k  cadmium shee t  t o  most of t h e  t h i n  o u t e r  tube  and t o  a po r t ion  of t h e  OD 
of t h e  inner  tube. This  i s  s h o ~ m  i n  F igure  1. About one- th i rd  of t h e  specimen 
was bonded on t h e  inne r  su r f ace ,  and a t  t h e  p o i n t  of maximum sepa ra t ion ,  a 
small  gap a l s o  e x i s t e d  a t  t h e  o u t e r  bond i n t e r f a c e  a s  shown i n  F igure  2. It 
was ev ident  t h a t  good c o n t a c t  of a l l  su r f aces  had been achieved during t h e  run  
b u t  t h a t  springback of t h e  s t a i n l e s s  tube had r e s u l t e d  i n  t h e  separa t ion .  The 
moun t  of springback obta ined ,  about 0.001 in . ,  was t h a t  which would be expected 
from annealed s t a i n l e s s  s t e e l  t h a t  had been p l a s t i c a l l y  deformed. The longi -  
t u d i n a l  j o i n t  i n  t h e  cadmium s h e e t  had been completely c losed  and was w e l l  
bonded. This  f a c t  would a l s o  i n d i c a t e  t h a t  good p re s su re  t ransmission through 
t h e  t h i n  ou te r  tube  had been achieved. 
Bonding runs  us ing  cadmium shee t  m a t e r i a l  i nd ica t ed  t h a t  a gap 
e x i s t e d  between t h e  s t a i n l e s s  s t e e l  and t h e  cadmium due t o  t he  e l a s t i c  spr ing-  
back of t h e  t h i n  o u t e r  tube. This  springback cannot be avoided i f  t h e  necessary  
c l ea rances  f o r  assembly a r e  provided,  To prevent  deformation of t h e  t h i n  o u t e r  
s t a i n l e s s  s t e e l  tube dur ing  bonding, no c l ea rance  may e x i s t  i n  t he  assembled 
specimen. The only p r a c t i c a l  method of accomplishing t h i s  i s  t o  assemble a 
heaked ou te r  tube over a c h i l l e d  inner  tube. To eva lua t e  t h i s  approach, t h e  
f e a s i b i l i t y  of producing a t h i c k  cadmium p l a t i n g  f r e e  from voids o r  i n c l u s i o n s  
was investbgated.  S t u d i e s  indicated t h a t  a h igh-qual i ty  p l a t i n g  could be 
ebtp%ned i n  sufiicient thickness (over 0,015 i n ,  t h i c k )  on t h e  I D  o f  t h e  thin- 
w a l l  o u t e r  tube ,  
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FZGURF: I. \JELL BONDED SECTION OF TUBULAR SPECDIEN 
FIGURE 2. SECTION O F  TUBULAR SPECIMEN SHOl'%ING 
SEPARATION AT PLATING-SHEET 
INTEFPACE 
A specimen t o  evaluate t h i s  approach was prepared and bonded, The 
I D  s f  the  t h i n  outer  tube was p la ted  with about 0.020 i n ,  of cadmium. This 
was then bored t o  provide a cadmium thickness of 0.015 in.  The inner s t a i n l e s s  
s t e e l  p a r t  was p la ted  wi th  0.0005 in .  of cadmium over a n icke l  s t r i k e .  This 
then r e s u l t e d  i n  a 0.001-in. in t e r fe rence  f i t  between the  two pa r t s .  The outer  
p a r t  was heated t o  200 F and the  inner p a r t  c h i l l e d  i n  l i q u i d  ni trogen.  The 
p a r t s  were then assembled, outgassed a t  220 I? f o r  30 min, and sealed by welding. 
Following helium leak check, the  specimen was bonded a t  500-550 P a t  a gas 
pressure  of 2200 p s i .  Following bonding, the  specimen was u l t r a s o n i c a l l y  
inspected,  and the  only de fec t  noted was a void i n  the  p l a t i n g  t h a t  was appar- 
e n t  p r i o r  t o  assembly. This defec t  a rea  was s l i g h t l y  th icker  than the  rest of 
the  p la ted  surface  and chipped out  during machining. The specimen bras metal lo-  
graphica l ly  examined and found t o  be well  bonded with no separa t ion  i n  any area. 
Photomicrographs of the  bonds obtained a r e  shown i n  Figure 3 .  The only a r e a  
t h a t  appeared t o  conta in  contamination a t  the  bond zone was near  the  ends where 
poss ib le  overheating due t o  welding may have occurred. The use of t h i s  approach 
el iminated any separa t ion  a f t e r  bonding. 
This approach f o r  the  assembly of t h e  capsule housings would requ i re  
the  c h i l l i n g  of the  containment vesse l  assemblies produced on NASA Contract  
NAS 3-4255. To determine i f  any adverse e f f e c t s  r e su l t ed  from c h i l l i n g  t o  
l iqu id  n i t rogen temperatures, a metallographic sample of a brazed and vrelded 
assembly lras immersed i n  l i q u i d  ni trogen.  No damage t o  the  welds o r  braze 
j o i n t s  Fn t he  assernbEy were noted as 2 result  of t h i s  treatment. Tkuefore ,  a 
deeFsl.sn was made by RASh and Ba t t e l l e  to use  this procedure i n  the  assembly 
of the  capsule housings, 
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This  specimen was assembled so 
t h a t  a t  0.001 Ln i n t e r f e r e n c e  
f i t  e x i s t e d  between "ce t h i n  
o u t e r  tube  and t h e  i n n e r  tube, 
Asscmbly s f  t he  Capsule Housings 
The primary goa l  of t h i s  program was t h e  assembly of tv~o capsule  
housings a s  s h o ~ m  on NASA Drawing No. CF351047. These housings were assembled, 
brazed,  and completed i n  Nay, 1967. However, l e a k s  i n  t h e  thermocouples caused 
by mel t ing  of a low temperature braze  m a t e r i a l  r equ i r ed  the  re-work of both 
assemblies.  The capsu le  housings were de l ive red  t o  NASA-Levis on January 4 ,  1968. 
I n i t i a l  Assembly of Capsule Housings 
P r i o r  t o  braz ing  of t h e  capsule  housings, t h e  containment v e s s e l  
assemblies  prepared on NASA Cont rac t  NAS 3-4255, were covered wi th  t h e  s a c r i -  
f i c i a l  tantalum sh ie ld ing  provided by NASA. This s h i e l d i n g  included P a r t s  D ,  
E ,  and F, shox.nr on Drawing No. CF 351047 and 0.0005-in.-thick columbium f o i l  
wrapped around the  fou r  thermocouple v e l l  extensions.  The colun~bium was he ld  
i n  p l ace  by 0.010-in.-diameter tantalum wire.  A l l  components were degreased 
and cleaned p r i o r  t o  assembly. 
A l l  tubing and P a r t s  C - 1  were pas s iva t ed  i n  a 25-percent n i t r i c  a c i d  
s o l u t i o n  a t  120 F f o r  30 min. Following f ~ o  r i n s e s  i n  deionized water ,  t h e  
o u t l e t  tubes  were brazed t o  P a r t s  C - l  v i t h  Nicrobraz 50 a t  approximately 1700 F 
i n  vacuum. Induct ion hea.ting was used so  t h a t  t h e  hea t ing  was loca l i zed .  The 
assemblies being brazed were contained wi th in  a Vycor tube and brazing was con- 
t r o l l e d  by v i s u a l  observa t ion  of t h e  braze m a t e r i a l ,  F o l l o t ~ i n g  each b raz ing  
ope ra t ion ,  t h e  braze j o i n t s  were helium Leak checked t o  i n su re  brazing q u a l i t y .  
The containment v e s s e l  assemblies were then  i n s e r t e d  i n t o  P a r t  6-1 
and posi t ioned so t h a t  0-04-0,02 i n ,  clearance existed between %he s ta in less  
s t e e l  l-tousiug and the columbium f o i l  wraps surrounding the thermocouple ~~7eYtbs-  
This  p o s i t i o n  was maintained dur ing  braz ing  by a machinecl p lug  which supported 
t h e  containment v e s s e l  assembly, Again, a l l  b raze  j o i n t s  were helium l e a k  
checked and found t o  be l e a k  t i g h t .  
The thermocouples f o r  both capsule  housings were checked f o r  grounding 
and c o n t i n u i t y .  Measurements were then  taken t o  a s su re  t h a t  t h e  thermocouples 
would s e a t  on t h e  bottom of t h e  thermocouple wel l .  This  was accomplished by 
making t h e  fol lowing measurements wi th  an o p t i c a l  comparator. 
1. Determine t h e  d i s t a n c e  from the  top of t h e  capsule  
housing t o  t h e  bottom of t h e  thermocouple wel l  us ing  a 
poin ted  probe of known l eng th  
2. Determine t h e  d i s t a n c e  from t h e  t i p  of t h e  thermo- 
couple t o  a s c r i b e  mark on t h e  thermocouple 
3 .  Determine t h e  t h e o r e t i c a l  d i s t a n c e  from t h e  top of 
t he  capsule  housing t o  t h e  s c r i b e  mark on t h e  
thermocouple and compare t h i s  va lue  v ~ i t h  a c t u a l  
measurement wi th  t h e  thermocouple i n  place.  
The thermocouples were then pos i t ioned  i n  t he  capsule  housing. 
Extension tubes f o r  t he  thermocouple r t~e l l s  were requi red  f o r  t h r e e  of t h e  
thermocouples on each housing. These were brazed i n  p l ace  rr i th  t h e  thermo- 
couples.  D i f f i c u l t y  was encountered i n  the  braz ing  of  t h e  thermocouples on 
Assembly 3h and a second braz ing  c y c l e  was requi red .  The temperature f o r  t h i s  
cyc l e  was increased  t o  about 1800 F. Following braz ing ,  t he  d i s t a n c e  between 
t h e  s c r i b e  mark on t h e  thermocouples and t h e  top  of t h e  capsule  was compared 
~7it .h the  va lues  obta ined  before brazing, The tkemocouples  on Assembly 
appeared t o  have moved f u r t h e r  i n t o  the  themseolaple ~ ~ e 1 2 s  a  a result of t h e  
braz ing  opera t ion .  
Following these  ope ra t ions ,  P a r t s  B were pass iva ted  and the  i n l e t  
tubes brazed i n t o  p lace .  These p a r t s  were machined t o  provide  a c l ea rance  of 
0.09 t o  0.09 in .  wi th  P a r t  F which had been a t tached  t o  t he  containment v e s s e l  
assemblies.  These p a r t s  were assembled and t h e  g i r t h  j o i n t  b e t ~ ~ e e n  P a r t s  C - 1  
and B TIG welded. Af te r  dye-penet ran t  i n spec t ion ,  t h e  assemblies  were p re s su re  
checked w i t h  helium a t  500 p s i  and a l l  p o s s i b l e  l o c a t i o n s  f o r  leakage checked 
wi th  a  l e a k  d e t e c t o r ,  No l e a k s  noted. 
Three th in-wal l  s t a i n l e s s  s t e e l  ou te r  tubes had been p l a t e d  on t h e  
I D  wi th  cadmium. These tubes were machined t o  t h e  same dimension a s  t he  OD of 
P a r t  C - 1 .  P a r t  C - 1  was then  p l a t e d  wi th  0.0005 in .  of cadmium over a  n i c k e l  
s t r i k e .  This  would then  provide a 0.001-in. i n t e r f e r e n c e  f i t  on assembly. 
The minimum 0.015-in. requi red  th i ckness  of cadmium was met on both assemblies.  
For example, t he  sma l l e s t  measured I D  of t h e  o u t e r  tubes was 0.968 in.  and the  
l a r g e s t  OD of P a r t  C - 1  was 0.939 in .  Disregarding the  i n t e r f e r e n c e  f i t ,  a  
cadmium th ickness  of 0,0155 in .  would be provided. The o u t e r  tubes were placed 
i n  a chromium p l a t e d  copper block a f t e r  pas s iva t ion  of t h e  e x t e r i o r  s u r f a c e  and 
hea ted  t o  about 250 F. The brazed capsule  housings were c h i l l e d  i n  l i q u i d  n i t r o  
gen and assembled i n t o  t h e  cadmium p l a t e d  e x t e r i o r  tube. Following outgass ing  
t o  remove any r e s i d u a l  mois ture ,  t h e  ends \rere welded and electron-besm sea led .  
A t  t h i s  p o i n t  i t  was noted t h a t  t h e  e x t e r i o r  i n l e t  tubes  on both 
assemblies  were leaking  a t  t h e  braze  j o i n t  on P a r t  B. Since t h e  ho le s  f o r  t h e  
f a s t  f l u x  t o i l s  were no t  r equ i r ed ,  the tube was welded t o  a 0.10-in.- thick f l a t  
p l a t e  trhich was i n  tu rn  yrelded ko P a r t  B ,  Th i s  p l a t e  f i t  i n t o  t he  r e c e s s  pre-  
viotasly machined i n t o  P a r t  B ,  
" l l h e  i n l e t  tubes  Ireare the12 bent as slrotm in the  dra~+ring and t h e  assem- 
S f i e s  were gas-pressure  bonded a t  500-550 F and 2200 p s i  for  1 h r .  Ul t rasonic  
i n s p e c t i o n  of  A s s e m b l y  4A was s a t i s f a c t o r y ,  b u t  A s s e m b l y  3 A  sho~red lack  o f  
bonding over most o f  the  specimen. A leak  was detec ted  i n  one of the  welds. 
This was repai red  and the  specimen re-run i n  the  autoclave. Ul t rasonic  inspec- 
t i o n  then showed s a t i s f a c t o r y  bonding. 
High-pressure leak check a t  500 p s i  showed a small leak  i n  the  braze 
j o i n t  of Thermocouple R t o  Assembly 3A.  This leak was repai red  by brazing with 
a defocused beam i n  an e lec t ron  beam welder. A radiograph of t h i s  j o i n t  ind i -  
ca ted  t h a t  the  thermocouple wires were bent s l i g h t l y  and subsequent radiographs 
indicated s imi la r  bends i n  the  o the r  themocouples on t h i s  assembly. Radio- 
graphs were taken of the  thermocouples on Assembly 4A and no bending was noted. 
This explained, a t  l e a s t  i n  p a r t ,  the  apparent movement of the  thermocouples 
during brazing. The thermocouple wires d id  not  appear t o  be touching and 
e l e c t r i c a l  con t inu i ty  and grounding of the  thermocouples bras ve r i f i ed .  
The assemblies were evacuated and backf i l l ed  with helium t o  atmospheric 
pressure. The i n l e t  and o u t l e t  tubes were crimped and TIG welded p r i o r  t o  pass- 
iva t ion  of the  e n t i r e  assembly. After  pass ivat ion ,  each assembly was placed 
i n  a metal tube and evacuated by a helium leak detec tor .  Assembly 4A showed no 
leaks ,  but  Assembly 38 showed an unacceptably high leak r a t e .  Two thermocouples 
appeared t o  be leaking through t h e  f u l l  length of the  sheath a t  approximately 
low4 cc/sec.  A meeting was held with NASA personnel and i t  was decided t o  
remove the  thermocouples from Assembly 3A and determine the  casue of f a i l u r e ,  
The primary goals  of k k i s  vork were to remove t h e  thermocouples from 
the  assembly t o  determine the  cause of t he  f a i l u r e  s f  the braze j o i n t  between 
t h e  tantalum tip and t h e  s tainless  s tee l  s h e a t h ,  verify t h c  integrity of tie 
f i r s t  containment asseatbly, and re-assemble t h e  capsule  ~ ~ i t h  net7 thermocouples. 
The removal of t h e  thermocouples from t h e  assembly was accomplished 
by sec t ion ing  t h e  thermocouple about 1 /4  i n .  above the  top of t he  capsu le  housing 
and a l s o  j u s t  above t h e  e x t e r n a l  braze  j o i n t  i n  t h e  bend area .  The thermocouple 
braze j o i n t s  were exanlined meta l lographica l ly .  This  examination showed t h a t  t h e  
t r a n s i t i o n  between t h e  s t a i n l e s s  s t e e l  and t h e  tantalum shea ths  had melted during 
the  braz ing  of t h e  thermocouples i n t o  t h e  thermocouple wel l s .  On t h i s  assembly, 
t he  braz ing  temperature was about 1800 F. The b raze  m a t e r i a l  f o r  t h i s  j o i n t  
between t h e  tantalum and s t a i n l e s s  s t e e l  was i d e n t i f i e d  a s  a silver-manganese 
braze  m a t e r i a l ,  probably s i l ve r -15  manganese. This  braze  has a me l t i ng  tempera- 
t u r e  of about 1750 F ,  The mel t ing  of t h i s  braze  would account f o r  t he  movement 
of t h e  s t a i n l e s s  s t e e l  shea th  during t h e  braze  ope ra t ion  wi th  Nicrobraz SO. 
Neither  NASA nor  B a t t e l l e  was aware t h a t  a braze  wi th  t h i s  low a me l t i ng  temp- 
e r a t u r e  had been used i n  t h e  f a b r i c a t i o n  of t h e  thermocouples. The thermocouple 
w i re s  were removed and examined, I n  t h e  l o c a t i o n  of t h e  t r a n s i t i o n ,  t h e  wi re s  
were kinked a s  noted on radiographs of t hese  a reas .  The tantalum shea th  po r t ions  
of t h e  thermocouples which extend i n t o  the  f i r s t  containment assembly d i d  no t  
appear deformed i n  any manner. 
The i n t e g r i t y  of t h e  f i r s t  containment ves se l  assembly was e s t a b l i s h e d  
by helium l eak  check. This  was accomplished by use  of t h e  fol lowing procedures .  
(1) Evacuate e n t i r e  assembly. 
(2)  P i l l  t h e  volume between t h e  f i r s t  and second containment 
v e s s e l s  w i th  helium. 
( 3 )  Flush  t h e  volume laetxgeear t h e  f i rs t  and second containment v e s s e l s  
w i t h  argon u n t i l  a l l  t races  of helium are believed to be removed, 
(4) P lace  assembly In  a tube ,  evacuate  wi th  a leak d e t e c t o r ,  and 
determine a l eak  r a t e  i f  poss ib l e .  (No helium was de tec ted . )  
(5) Pleace e n t i r e  assembly under helium p res su re  (100-150 p s i )  
f o r  1 h r .  
( 6 )  Repeat Step 3. 
(7) Repeat S tep  4 .  
I f  a l e a k  had been p r e s e n t ,  t he  p r e s s u r i z a t i o n  wi th  helium would have l e f t  
r e s i d u a l  helium i n  t h e  f i r s t  containment v e s s e l  t h a t  would have been de t ec t ed  
i n  Step 7. Although t h e  f i r s t  containment v e s s e l  was l e a k  t i g h t ,  l e aks  i n t o  
each of t h e  thermocouple w e l l s  (probably through t h e  copper braze  j o i n t )  were 
de t ec t ed  i n  a l l  f ou r  we l l s .  These l e a k s  were no t  r e p a i r e d  a s  t h e  presence of 
gas  i n  t h e  we l l  i s  considered d e s i r a b l e .  
Techniques were developed whereby t h e  new thermocouples f o r  Assembly 3 A  
could be pos i t i oned  s o  t h a t  a gap of 2-3 m i l s  e x i s t e d  between t h e  t i p  of t he  
thermocouple and bottom of t he  thermocouple wel l .  This  i s  shown i n  F igure  4 ,  
The f i r s t  j o i n t  brazed was between t h e  s t a i n l e s s  s t e e l  tube and the  thermocouple 
shea th ,  This  was accomplished by l o c a l i z e d  hea t ing  of t h e  braz ing  a rea  i n  an 
electron-beam welder.  A defocused beam was used t o  prevent  mel t ing  of t h e  
s t a i n l e s s  s t e e l  thermocouple sheath.  A copper c h i l l  block was used t o  prevent  
overhea t ing  of t h e  braze  j o i n t  between t h e  tantalum t i p  and t h e  s t a i n l e s s  s t e e l  
sheath.  Metal lographic e x m i n a t i o n  of brazed specimens ind ica t ed  t h a t  no mel t ing  
of t h i s  i n t e r n a l  braze  j o i n t  had occurred. Some e ros ion  of t h e  s t a i n l e s s  s t e e l  
shea th  was noted on the  s i d e  heated by the  e l e c t r o n  beam, This  e ros ion  extended 
i n t o  the  sheath about 0,004 i n ,  o r  abou t  one- th i rd  t h e  sheath th ickness ,  Braze 
metal  f i l l e d  t h i s  eroded area however, and the  i n t e g r i t y  of t h e  couple  would not  
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be a l t e r e d ,  P r i o r  t o  braz ing ,  t h e  thermocouples were checked f o r  c o n t i n u i t y  
and grounding, and the  weld on t h e  t i p  of t h e  themocouple and the  braze  j o i n t  
between t h e  tantalum and s t a i n l e s s  s t e e l  p o r t i o n s  of t h e  thermocouple were 
helium l e a k  checked. The l e a k  checking was accomplished by f o r c i n g  helium gas 
through t h e  l eng th  of t h e  shea th  a t  50-60 p s i  f o r  a minimum of 1 hr .  Discarded 
shea ths  had been checked t o  determine t h a t  t h e  helium t ~ o u l d  pas s  t h e  f u l l  l eng th  
of  t h e  shea th  a t  t h i s  p re s su re  i n  l e s s  than  1 h r .  Following braz ing  of t h e  
s t a i n l e s s  s t e e l  ex tens ion  t o  t h e  thermocouple, t h i s  braze  j o i n t  was a l s o  checked. 
The thermocouples were then  brazed i n t o  Assembly 3A us ing  a defocused 
e l e c t r o n  beam a s  a h e a t  source. The thermocouples were pos i t i oned  wi th  s t a i n -  
l e s s  s t e e l  f o i l  shims t o  main ta in  a 0.002- t o  0.003-in. c l ea rance  between t h e  
t i p  of t h e  thermocouple and t h e  bottom of t h e  wel l .  It was a n t i c i p a t e d  t h a t  
only one braz ing  opera t ion  would be r equ i r ed  f o r  t he  attachment of each thermo- 
couple.  Hotiever, a d d i t i o n a l  cyc l e s  were necessary  t o  provide a l e a k - t i g h t  j o i n t .  
This  was probably caused by t h e  l a r g e  h e a t  s ink  provided by t h e  capsule  assembly. 
I n  most c a s e s ,  i t  appeared t h a t  t h e  braze m a t e r i a l  d id  no t  flow adequately on 
t h e  ex tens ion  tube extending from t h e  capsule  assembly. Good flow of t h e  braze 
was noted i n  a l l  c a ses  on t h e  s t a i n l e s s  s t e e l  tube brazed onto t h e  thermocouple 
shea th  i n  a previous opera t ion .  The requirement of more than one braz ing  opera- 
t i o n  caused a decrease i n  t h e  c l ea rance  between the  t i p  of t he  thermocouple and 
t h e  bottom of t h e  well .  Apparently,  a l l oy ing  of t h e  l i q u i d  braze  wi th  t h e  s t a i n -  
l e s s  s t e e l  components r e s u l t e d  i n  a reduct ion  of the  e f f e c t i v e  th ickness  of t h e  
shim m a t e r i a l s ,  Neasurements t o  determine the c l ea rance  beeweera the  t i p e  of the  
thermocouple and t h e  b o t t o ~ t  of t he  ?re11 t2:JePse taken and are l i s t e d  i n  t h e  Appendix. 
Although Assembly 4A appeared t o  be leak t i g h t ,  a decis ion  was made 
by NASA t o  remove Thermocouple P from the  assembly a.nd replace  it. Metallo- 
graphic examination of the  braze j o i n t  a rea  indica ted  t h a t  a leak  through the  
Ag-Mn braze could l i k e l y  occur. Small holes were d r i l l e d  i n t o  the  o ther  th ree  
thermocouple wel l  extensions and helium forced i n t o  the  sheath under pressure.  
Leaks were noted i n  a l l  t h ree  thermocouples. These were a l s o  removed from the  
assembly. Leak paths  were d r i l l e d  i n t o  each thermocouple well  t o  provide an 
atmosphere i n  the  wel l  during operat ion.  This was accomplished by d r i l l i n g  a 
hole i n t o  each wel l  p a r a l l e l  t o  the  top surface  of the capsule housing and then 
d r i l l i n g  an i n t e r s e c t i n g  hole through the  capsule housing i n t o  the  cav i ty  between 
the  two containment vesse l  assemblies. The exposed holes on the  e x t e r i o r  su r face  
were sealed by T I G  welding. 
The procedures used f o r  the  brazing of the  thermocouples i n t o  
Assembly 4A irere the  same as those described above f o r  Assembly 3A. Leak 
checking of the  assembly showed t h a t  the re  were leaks  on Thermocouples M and R 
a t  the  braze j o i n t  of t h e  thermocouple well  extension t o  the  capsule housing. 
This leak was d i r e c t l y  above the  leak  hole  t o  the  thermocouple well which i s  
0.035 in .  below the  surface  of the capsule housing. Brazing with a tungsten arc 
i n  an i n e r t  gas chamber was used as a means of attempting t o  s e a l  these  leaks.  
This approach did no t  prove s a t i s f a c t o r y  i n  sea l ing  the  leaks completely, A l -  
though s a t i s f a c t o r y  brazes were obtained i n  access ib le  areas ,  the  thermal 
s t r e s s e s  caused by braz ing  i n  t h i s  manner appeared t o  cause cracking of t h e  
braze i n  areas t h a t  could not  be reached with t h e  T I G  u n i t ,  
A d d i t i o n a l  work was authorized ta rex~ork the assembly, The p l a n  for 
t h i s  work involved the  removal of t he  themocsup le s ,  s sn t e rbo r ing  s f  t h e  capsule  
housing, and welding of an adapter  p l a t e  con ta in ing  t h e  o u t l e t  tube and thermo- 
couple w e l l  ex tens ions  i n t o  t h e  counterbored housing. These procedures a r e  
shown i n  F igure  5 .  This  technique a s su re s  an atmosphere i n  t h e  thermocouple 
we l l s .  I n  F igure  6 i s  shown t h e  method used f o r  braz ing  of t h e  thermocouples 
t o  t h e  housing, This  procedure was modified s l i g h t l y  from t h a t  used p rev ious ly  
t o  remove t h e  p o s i t i o n i n g  shims from t h e  braze  a r e a  so t h a t  dimensional changes 
i n  t h e  c l ea rance  between t h e  t i p  of t h e  thermocouple and t h e  bottom of t h e  we l l  
would be minimized. The e l e c t r i c a l  c o n t i n u i t y  of t he  thermocouples and l e a k  
t i g h t n e s s  of t h e  braze  j o i n t s  were checked i n  t h e  same manner a s  t h a t  desc r ibed  
f o r  Assembly 3A. The p e r t i n e n t  information concerning t h i s  assembly i s  g iven  
i n  t he  Appendix. 
F i n a l  Q u a l i t y  Cont ro l  Procedures 
f o r  Assemblies 3A and 4 A  
After  braz ing  of t h e  assemblies had been completed, t he  e l e c t r i c a l  
c o n t i n u i t y  and grounding of t he  thermocouples on both assemblies were v e r i f i e d .  
The capsu le  housings were then subjec ted  t o  u l t r a s o n i c  i n spec t ion  t o  determine 
i f  handl ing dur ing  t h e  rework ope ra t ions  had been d e l e t e r i o u s  t o  t he  cadmium-to- 
s t a i n l e s s  s t e e l  bonds. High-quality bonds were r e t a i n e d  i n  both specimens a s  
compared t o  c a l i b r a t i o n  specimens having good bonds and v a r i a b l e  bond q u a l i t y .  
Two c i r c u m f e r e n t i a l l y  o r i en t ed  s t r i p s  l e s s  than 118 in .  wide gave a  change i n  
s igna l  q u a l i t y  on b o t h  specimens. These vere i n  the  same i d e n t i c a l  l o c a t i o n  on 
both assemblies and a r e  probably t h e  r e s u l t  of a back re f lec t ion  r e s u l t i n g  from 
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t h e  f i r s t  containment assembly r a t h e r  than a Lack s f  bonding, The l o e s t f s n  of 
these a r e a s  i s  noted i n  the PLyJpendix, 
Af te r  u l t r a s o n i c  i n spec t ion ,  t he  assemblies were proof t e s t e d  a t  
500 p s i  i n t e r n a l  helium p res su re  f o r  10 min. During t h i s  pe r iod ,  a  p l a s t i c  bag 
was p laced  over t h e  capsule  housing and t h e  braze  j o i n t s ,  The " sn i f f e r "  of t h e  
helium l e a k  d e t e c t o r  was a l s o  i n s e r t e d  i n t o  the  bag, t h e  bag volume reduced a s  
much a s  p o s s i b l e ,  and t h e  open end of  t h e  bzg taped t o  t h e  " sn i f f e r "  and t h e  
s t a i n l e s s  s t e e l  tubes extending ou t  of t h e  capsule  housing. During t h e  10-min 
pe r iod ,  no i n d i c a t i o n  of leakage was de t ec t ed  on e i t h e r  assembly. Both assem- 
b l i e s  were then  evacuated and b a c k f i l l e d  wi th  helium t o  a  p re s su re  of one atmo- 
sphere.  The i n l e t  and o u t l e t  tube  ends were c losed  by crimping and t h e  ends 
TIG welded, 
Any d i sco lo red  a reas  on o r  near  weld and braze  zones were c leaned  wi th  
an ab ras ive  p e n c i l .  Alumina was used a s  t h e  ab ra s ive  and was c a r r i e d  i n  an a i r  
stream. The assemblies were then  cleaned wi th  so lven t ,  pas s iva t ed ,  r i n s e d  twice 
i n  deionized water ,  and d r i ed .  The capsule  housing was placed i n  a  double 
p l a s t i c  bag, and t h e  tubes were p ro t ec t ed  by Tygon tubing. An at tempt  w a s  made 
t o  s e a l  t h e  open ends of t h e  thermocouple shea ths  wi th  Tygon t h a t  had a  ho le  
p ie rced  i n  it wi th  a. s c r ibe .  These thermocouples would s t i l l  con ta in  helium 
from previous  l eak  checking, and t h e  ends ~ ~ o u l d  r e q u i r e  s e a l i n g  dur ing  t h e  f i n a l  
l eak  check, Each assembly was then  placed i n  a  tube and the  tube evacuated by a  
helium l e a k  d e t e c t o r .  A l a r g e  l e a k  was noted on each assembly. Since t h e  proof 
t e s t  had shoxm no l eaks  at: high p re s su re ,  t he  l eaks  -\.rere probably from t h e  
exposed end of t h e  thermocouples, To v e r i f y  t h i s ,  t he  thermocoupPes and the  
Pmo- i n l e t  and o u t l e t  tubes  vere pushed th rough  a rubber s topper  so t h a t  t h e  th- 
couple ends would be ou t s ide  t h e  e h m b e r  evacuated by the  leak d e t e c t o r ,  No 
l e aks  :rere de tec ted  on e i t h e r  zssembly us ing  t h i s  approach. The ~ ~ r e l d e d  ends 
of t h e  i n l e t  s.nd o u t l e t  tubes f o r  each assembly were ind iv idua l ly  cheeked and 
were found t o  be l e a k  t i g h t .  It was, t h e r e f o r e ,  concluded t h a t  t h e  helium 
de tec t ed  when checking t h e  complete assembly was from the  exposed end of t h e  
thermocouple tubes even though an at tempt  had been made t o  s e a l  these .  
Following l e z k  checking, t h e  capsule  housing assemblies were packed 
and de l ive red  t o  t h e  NASA-Lewis Research Center  on January 4, 1968. Photographs 
of t h e  completed assemblies  a r e  shovm i n  F igures  7 and 3, This  concluded t h e  
experimental work on t h i s  program. 
CONCLUSIONS AND RECOMMENDATIONS 
A s  a r e s u l t  of t h e  r e sea rch  e f f o r t  on t h i s  program, t h e  fol lowing 
goals  were achieved. 
(1) A procedure was developed f o r  ob ta in ing  s a t i s f a c t o r y  cadmium-to- 
s t a i n l e s s  s t e e l  bonds. Shrink f i t t i n g  of t h e  tubu la r  components 
t o  be bonded combined wi th  gas-pressure  bonding provide a capsule  
housing assembly meeting t h e  design requirements.  
(2) Ul t r a son ic  i n spec t ion  techniques were developed f o r  eva lua t ing  
bond q u a l i t y  of t h e  cadmium-to-stainless s t e e l  bonds obta ined  by 
gas-pressure  bonding. 
(3)  Two capsu le  housings were assembled follotiling t h e  procedures  
developed during t h i s  progrem and were forwarded t o  NASA f o r  
i r r a d i a t i o n  t e s t i n g .  
Fabr i ca t ion  procedures -sere i n v e s t i g a t e d  and developed du r ing  this 
prograrn t h a t  .rsould permit bonding of the cadmium-to-stainless s t e e l  p r i o r  to 
FIGURE 7. CAPSULE HOUSING ASSEMBLY 3.A 
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i n s e r t i o n  of t he  f i r s t  containment v e s s e l  i n t o  t h e  capsu l e  housing. It i s  
recommended t h a t  i n  f u t u r e  des igns  these  procedures  be considered t o  minimize 
f a b r i c a t i o n  c o s t  end e l imina te  10~~7-temperature handl ing of t he  brazed assembly. 
APPENDIX 
DATA SHEETS FOR CAPSULE HOUSING ASSEMBLIES 
DATA SWET 
S e r i a l  No. 304.-010 
P a r t  No. CF 350147-38 
F i r s t  Containment Vessel Data - Recorded i n  Appendix A 
F i n a l  Report NASA Cont rac t  No. NAS 3-4255 
Second Containment Vessel Data - 
Thermocouple Thermocouple 
Location Piece-  Number 
Distance of Tip 
From Bottom of Well 
2.7 m i l s  
0.2 m i l s  
5.0 mi l s  
1.7 mi l s  
In s ide  diameter of  P a r t  C3-1 0.7655 in .  
Clearance between P a r t s  F and B 0.077 in .  
Ul t rasonic  i n d i c a t i o n s  denot ing p a r t i a l  l ack  of bond o r  back r e f l e c t i o n  
from i n t e r i o r  ( f i r s t  containment v e s s e l )  
Ind ica t ion  No. 1 
Location - 2-314 i n .  from bottom of assembly 
Length - 1/6  i n . ;  180° c i r cumfe ren t i a l  
I n d i c a t i o n  No, 2 
Location - 3-4/16 in .  from bottom sf  assembly 
Length - 3/32 i n , ;  360" e t r cumfe ren t i a l  
DATA SEIEET 
S e r i a l  No. 304-012 
P a r t  No, CF 350147-4A 
F i r s t  Containment Vessel Data - Recorded i n  Appendix k 
F i n a l  Report NASA Cont rac t  No. NAS 3-4255 
Second. Containment Vessel Data - 
Thermocouple Thermocouple 
Location Piece Number 
Distance of  Tip 
From Bottom of Well 
1.8 m i l s  
3.6 m i l s  
2.4 m i l s  
7.9 m i l s  
I n s ide  diameter of P a r t  C L - 1  0.7660 i n .  
Clearence between P a r t s  F and B 0.081 in .  
U l t r a son ic  i n d i c a t i o n s  denot ing p a r t i a l  l ack  of bond o r  back r e f l e c t i o n  
from i n t e r i o r  ( f i r s t  containment v e s s e l )  
Ind ica t ion  No. 1 
Locat ion - 2-3/4 i n .  from bottom of assembly 
Length - 1 /8  in . ;  180' c i r cumfe ren t i a l  
Ind ica t ion  No, 2 
Location - 3-5/16 i n ,  from bottom of assembly 
Length - 3/32  i n , ;  360' circumferential 
